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ABSTRACT

EXAMINING THE RESPONSE OF WORLD WHEAT PRICES TO CLIMATIC AND

MARKET DYNAMICS

World wheat prices have fluctuated in recgaars. Many factoraffect wheat price
including; climate change, yields, oil prices, lagged prices and imports. Incadatitgradually
and consistently increasing global wheat demand, these maxasdre posited to impasborld
market equilibrium prices. To investigahow these factors differentially influence wheat prices,
an economic analysis was conducted using a uniquely compiled data set of sigmifieat
producing areas and linear regression models. Key variables from five nisgat @xporter
courtries/regons were compiled for the 1980 to 2013 time frame. The findings shared here update
and support previous studies’ conclusions and show that isnpprice, andheprevious yeas’
price have a significant relationship with changes in the world wheat gris@ldo found that the
precipitationlevelsin the United States, and more broadbportedyields in Canada, Former
Soviet Union (FSU) and the United Statal have a significant correlation with world wheat

prices.
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1. Introduction

The interface and tension between natural resources and food production sisteims
perception®f increasing scarcity of the former and the growing demand for the latter hed fuel
interest in analyses that can inform stakeholders on food market dynamicdy, @eatemand
for food growswith increass in bothworld population and the wealth of developing countries,
whereas thsuppliesof natural reoures ardimited, orif renewablejncrease only graduallyrhe
tension between these market and resource systems is only heightened by airamérheow
climate change may impact natural resowstecks and flows (when considering water). To
explore or area where this relationship is of acute global interest, we can consider the food
production systems that encompass questions of how food is produced, consumed and traded
across a large share dktworld’s countries.

Grains areurrentlythe most important contributor to human feugbplies globally. About
21 percent of the world’s food depends on anmdredat {riticum aestivurpcropharvess (given
relatively light stocksYFAO.ORG, 2014)Devdoping countries consume 81 percent of total
globalwheat productionand most of these countries need to import wheat to meet their demand.
In addition, vheat accounts forb@ut 43 percent of foomnported todeveloping countrieOritz
et al., 2008)Many of those countriepay subsidie$o stabilize and/or lowefood prices so that
consumers cakonsistentlymeet theirdietary needs,and thus, provide better level ofood
securityfor households. Yetworld wheat prices hav#ill beenunstablein recent yearsso that
global stakeholders have had to reconsider the effectiveness of their policiggptot Sood
security Increasing world wheat prices have led to questions about the factors chasimgent

priceinstability.



On the demand side, increasing wheat consumption and subsetpr&et demand for
wheatare likely drives (ERSUSDA, 2015).Assuming constant or gradually increasgigbal
supply, greater demand (and assumptions of faster growth on the demandlkrés)lt in the
market equibrium forming at a higher price. Two billiogiobal householdgse wheat directly as
food; so,growth in demand for wheat usually occurs gradually andistengy as population
increases. Another important factor that increases the paten@nds gowth of the middle
class inhighly populated developing countries, particulathpse in theAsian region More
broadly, tanges in lifestyle and consumption patterns result from an increase in wealdused c
an increase in demand for food, includingigs. All of these factors increase the demand for
wheat and possibly, the volume of global trade that will occur to shift supplies to the regions
the world with the highest levels wicreasing demand

On the supply side, wheat productian also be influenced and impacted by many factors.
Drought and oil price are two such important factor€limate change can influence food
production in a variety of ways, as the climates of major production areashauagye with respect
to expandingeason lengthgs well as increasing average temperature and average rainfall. For
this study, we focus on howimate changes transform precipitation patteasshese changed
patternswill likely affect world wheat production and trade. As one example,em@at dought
eventin amajor wheatproducing counir hadsubstantial impacts on world pricgsg. Australia
2007-08).

As another important driver, oil price influences the cost of inputs to wheat patact
plays a major rolen field operations as weWheat and oil price fluctuations have similar patterns
that indicatehigh correlation between the two.dst fertilizers require petroleum or natural gas to

be manufactuit and fuel is an important energy source on the farm and for transportation. Oil



prices also indirectly affect wheat price throutite secondary effect on biofuel production. When
oil pricesincrease, demand for other types of fuel, like biofusi#ts and result in increases in
the price of substitute fuels like ethanol that can be both an alternative for gaaslaneéin oil
product) or be added to it. This makes biofuel production raocomomically attractivesince
maize is an important source ethanol, the price of maize rises and more farmers decide to
dedicate their land to planting maize. dhort biofuel crops such as maize are substituted
production systemm place ofwheat, and wheat production decreagsdsch may explain some

of thevolatility and upward pressure wheat prices. In addition, the European Union, the United
States and other major agricultarproducingcountries have all been encouraging biofuels by
applying production subsies andplacing orderdo encourage farmerto plant energy crops
orderto meet energy needsr even policy-driven quotas for renewable fuels).

Fluctuations in and increasiesthe level ofwheat prices in recent yeashibita different
pattern in the world wheat market when compared toeedecads; thedynamics and influence
of the factors discussed above are considered major contributors to these changescirss&si
in world wheat pricesirms and countries need to pay more to import wheat, and subsequently,
foods that depend on wheat become more expensive. In many developing countriesnevheat a
foods prepared witlt are a majoshareof the citizenry’sdiets; therefore, increases in wheat prices
will have noticeable effects on the cost of food and standard of living.

Wheatproducing countries (and their agricultural sectors) also suffer because ef pric
fluctuations. Decisiormaking can become difficult when farmers face price instability. Gdperal
uncertainty increases the risk of investments, and may triggielaversepe@le to avoid
investment in the production process. This could potentially qadsetions in supplyandmay

lead toevenhigherprices in the international market, which further harms consumers. laity/cle



a vicious cycle of downward supply pressara increasing prices may result. Therefore, wheat
price forecasting is very important to both consumers and producers.

Because wheat prices affect so many people, understanding how differenst &ffetct the
world wheat market is essential for policyree&k Understanding the market behavior and key
factors that affect wheat prices helpdustry and governments that do subsidize grain prices to
manage budget allocations when faced with wheat price fluctuatibasroader sense, atter
understandingf the world wheat market also helps investors and traders improve their profits and
reduce investment risks.

To investigate the causes of wheat price uncertainty,thieisis examines kefactors
affecting demand and production to specify which factoesnaost important, and the relative
importance of eachA particular focus is placed on major supply regions and trading partners in
this study.To assess these markets and dynamsegeral sources of data on wheat markets and
one climate change indicat{precipitation) were compiled and modeledairinear regression
model The model is guided by the background on literaturecanwheat markets that follows
below. The model’s resultsethenused to examine how wheat world price is affectethbiors
that are assumed to be most releydike oil price, previous year price, import, yield and
precipitation. This study examines the hypothesisdaeal othese factors contribute significantly
to world wheat price Then, discussion will be used itovestigateand inferthe nature of these
relationships. The thesis concludes with a discussion of market and policy implications of these

findings, along with ideas for future research to further this analysis.



1.1 Wheat Market Fundamentals

This sectiordiscusses the badienes and trends relatew internationalwheat trade and
the factors that are assumedttect worldwheat prices. It then describes fireperties ofjlobal

wheatsupply and the industry’s global production environment.

1.1.1 Trade

Tradeis a kind of arbitrage between two different plagdseat is traded between countries
that have production surpkesand high consuming countriesloBal agriculturatrade including
commodity flows,is affected by the growth and stability of world markets, including changes in
world population, economic growtland income. Other factors affecting agricultural trade are
global supplies and prices, changes in exchange rates, governmentsstgpagriculture and
trade protectio policies (USDA, 2013).

Changes in supply and demand shifters over time have sibsequenthanges in wheat
trade. Supply shifters include technology, production yield, climate and wedtherges and
availability ofcultivated land. The demand shifters include both ovpagdulation growtland the
changes in populations taste and income. Government policies and currency exchange rates can
shift both supply and demand.

First we can focus ofactorsthatinfluence wheat trade by shifting the supply. Technology
has affectedsupply through development afore efficienttransportation and farm machinery.
Modern transportation infrastructure has helped reduce the cost of wheat traiospatal
particularly, regional and internationtahde In addition, contemporary planting methagsng
advanced farm machinery, along with plant breediage increased yield per hectare; increasing

the supply of wheat and reducing its price through lowering costs of production. Althbegh w



breeding ad seed innovation has lagged behihdse impactingnaize and sogystems there
have still been notable increaseyields and losses due to pest pressures (Chakraborty, 2011)

As with other crops, weather is also one of the important factbuemeinglevels and
stability of wheat production. Short term weather variations like drought and floods, as well as
long term climate changes like global warmiaffect many wheaproducing regions of the world.
This can change the quantity of wheat producedffardnt regiondifferentially, and thereforg
change the quantity of wheat traded between counRlast diseasesnd pest pressurean also
be influenced by climate change implications, and thus, affect wheat production dethtea
similar way.

Onthe other hand, several factors affect wheat tradsifiyng demand. Population is one
of the most important factors that affect demand. Incegageopulation raiselemand gradually,
but constantly, and perhaps, differentially acneggons.The chaging tastes and income of the
population can also affect demand through changes in popyldietary changes as countries
economically developnd wheat consumptigratterns

Government policies and currency exchange rates can influence internatieaalrate
by shifting both supply and demand. World wheat trade has formed because the domimast reg
for wheat production do not match regions whesasumptioroccursspatially. Governmentsse
variouspolicies such as subsidies, taxes tardfs to provide food security for their people and
these policies can affect the world market in many waygpically, governments of wheat
producing countries support their farmers by imposing import tariffs and limithegtwmpors.

On the other hand, governments of wheat importing countries sometimes suppodrib@mers
by imposing subsidies that make wheat more affordable for the constdo#rstrategies clearly

have implications for trade flows.



Currency exchange rates are important in international trade between coilnatriase
different currencies. For example, when wheat is traded in US dollatise iéxchange rate
converting US dolla totheEuro decreases, wheat will becoretativelyless expensive in Euros
and this could change the market éiguum of world price Similarly, difference between
inflation rates of countries can potentially influence the trade between khemover inflation
directly affects wheat production cesind price because ahe pressure on the producer price
indexthatgrowers face

With new farming technologies, wheat production has become a capstiagive process
that needs different types of machinery for-planting, planting, harvestingnd transportation.
The cost of all of those processes is directlg@#d by oil pricesand more broadly, energy casts
which is a complementary good to machinery and itself an input to wheat productios al€b
used inthe production of fertilizers and other crop production applicatithias are additional

inputs to wheat production.

1.2.2 Wheat

Wheat {riticum aestivurpis one of the principal cereal grains that is produced and
consumed globally. It is grown on more land area than any other commercialnct@onginues
to be the most important food grain source for hum@wgtis et al.,, 2002). World wheat
production is ranked third in weigptroduced after corn and rice (USDA, 2014)his is likely
due to that fact that keat can be cultivated in many areas with many different types of weather,
elevation, or sdi It is mostly cultivated betweehe latitudes of 30°N to 60°N and 27°S to 40°S
(Nuttonson, 1955), more than 3000 meters above sea level, and in places with temperatures

between 3° and 32° Celsius. Wheat is adapted to a broad range of moisture cdindimahy



weather to seaside moisture. Although about tfsaghs of the land area where wheat is grown
receives an average of 375 to 875 mm of annual precipitation, wheat can be grown to seene degr
in most locations where precipitation ranges from 250 to 1750 mm (Leonard and, KI9éB).
Wheat production covers more than 240 million hectglasally, larger than for any other crop,
and itsgrossworld trade is greater than all other crops combiadt{set al., 2002). Wheat is a
major foodstaplebecause of the wheat plant’'s agronomic adaptability; ease of grain stardge; a
ease of converting grain into flour for making a number of sfapleé producs. Wheat is the major
source of carbohydragen the diet of many countries; such as Pakistan, Iraq and EgiptlL)

Wheat production increased sharply in the 1960’s and gradually afterwards, mastly as
result of higher yieldper hectarein a technology shift commonly labeled the “green revolution”

(FAO, 2003). Through research and developntaegreen revolution resulted thedevelopment

o

. <

= )

GLOBAL GRAIN

CONSUMPTION MAP

A HerdaBdeten, A Gros, Y, Bar<Yam
New Engiand Complex Systems Institute

Figure 1 —Global 3 major grain consumption map (New England Complex Systenisstitute)
of rustresistant semidwarf wheat that could utilize large amounts of nitrogdizégréind had a
higher yield. Between 1980 and 2013, the wsrlthnual harvested area of wheat decreased by
0.24% and the yield increased by 1.41% (FAO, 2014). Averageal worldyieldsincreased from

1855 kilograms per hectare (kg/ha) in 1980 to 3264 kg/ha in 2013 (FAOSTAT, 2014).
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Most wheat is consumed within the country where it is prodwstiidroughly onefifth of
the global annual production is exported. World wheat trade was estimated at 1&i8 tianil§ in
2011, most of which was imported by developing countries. Despite the increase in whea

production over theouple ofpast decadesleveloping countriesontinued tamport twothirds

of all world wheattrade flows(FAO, 2014).



2. Literature review

Studies considering the effect of global weather changes, oil prices, and importsabn whe
prices simultaneously, are quite rare, especially research that conlsalestationship between
precipitation and wheat price on a global scale. Such a simultaneous analyseaaricher
long-term projection view of the problem, blinast all studies relating to this topic consider the
effect ofjustone of these factors at a time on wheat price. Most recenilh) attention was paid
to relationships beteen climate and marketsfter the world wheat price fluctuations that

happened in the years following the 2008 economic crisis (figuye 2.1
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Figure 2.1 Wheat price change during 1982 to 2013, based on FAO data
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2.1 Weather

A large body of literaturexists on climate change and its effect on agricultural production
with respect to yields and weather forecasttuding Meza (2009), Ubilava (2018risson et al
(2010), andAsseng (2010). Most of these studies focuslemestt agricultureacross different
countries. Some other studies have investigated the effectmicalas an important element in
crop production ancchanges inagricultural commodity priceincluding Saghaian (2010),
Esmaeili (2011), and Natanelov et al (2011). Aondhe studies have tried to find the influence of
the previous year's prices on thmarket, since, like other economareas farmers and
governments are continuously responding to pi@ngegDorosh et al (2002); Sekhar (2003)).

Weather is an important factor in agricultusalppliesbecause agriculture isc@dimate
sensitive sector. Besidgsoduction difficulties globalmigration, economic disruption and land
use change are the othey factorsof changes in food productiqiiverman, 1987)Overall,
climate change and the greenhouse effect have positive effects on productessial@ove 55°
latitude, while they have negative impacts of drought and extremedmehthereforereduce
production in many countriegithin the latitudesvhere the majority oivheat consumeiaurrently
live (Valizadeh et al., 2014). In addition to population and wealth, drought increases the demand
for wheat imports in higltonsumption regions by reducing local and domestic production. In
recent yars, Africa and the Middle East have imported about 45 percent of global trala=at
flows, and are predicted to have increases in aridityoiming decadeghat may drive further
import needs (Dai, 2011). Droughtase of the greatest weather risks to agriculture in arid and
semtarid areas; since it decreases domestic wheat production, drought increatssadhd for

wheat imports. Arid and serarid regions account for approximately 30 percent of world total
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area and 20 percent of total world popwatimany of whom are wheat consums/akumar et
al, 2005).

Climate change has various effects on wipgatiucing countries. Global warming may
be beneficial to wheat production in some regions, but reduces productivity in areas tlaoat air
tend tohaveoptimal growing conditions (Ortiz et al., 2008However, d¢pbal warming could
potentially make cold regions warmer and more suitable for wheat produgégand climate
change potentiallghifting optimal production zonggemperature angrecipitation changes may
also impact producers through increased competition between crops and weeakssimcpéant
diseases, and changes in soil nutrients. All of the abamterscould change production costs
(Kane et al., 1992). Some studiesgllkaurald etal. (2003)and Zhangand Liu (2005), show
increases in wheat yields in the American Northern Plains and China, reslyeuthile others
forecast decreases in future production in regions like southern Australia (Lu®608a).

Internationacommodity markets operasmdadapt giveriundamentatatiosof supply and
demand growthbut stocks can provide a buffer when ratios change significantly and disrupt
historical trade patternsSeveral years ofirought, includingthose inEuropein 2006, North
America in 20062007, and a severe drought in Australia from 20088, have drivenvheat
stocks down to critical lows. Thisoupled with the surge in bioel demand, has creategcord
grainprices (McCalla, 2009%hat make the scarcity of ffar stocks a concern to those who seek
to stabilize world foogbrices. Inthis study, precipitation in producing countries is considered as a

parameter, since it influences wheat production and world wheat prices.
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2.2 Ol

Oil is anotherone of theprimaryfactors that affect agricultural commodity prices (Jebabli
et al, 2014 Sadorsky, 2014). It affects wheat price in two aspects: first, as a productigraimgput
second,indirectly through demand for biofuels amesultingsubstitution effects. The prices of
fertilizer, farm machinery, and transportation are also affected byube oil price directlyWith
high oil prices, demand for biofuel increases and agricultural inputs such as land eagededi
planting energy crops such as corn. Therefore, wheat prodighighly correlatedvith oil prices
(Chen et al., 2010).

Saghaian (2010) studied the interconnections of agriculture and energy markets. The
linkages within the causal structure of oil, ethanol, and corn were investigated to find how
instability is transferred from energy markets to agricultural marketsite@porary timeseries
analysis was done and Granger causality was supplemengediregted graph theory modeling
approach to identify the causal sturets among energy and commodity variables. Saghaian
demonstrated a strong correlation among oil and commodity prices, but the evidemcadeal
link from oil to commaodity prices was unclear.

Esmaeili(2011) also focuses on the-owmvement of food prices aralmacroeconomic
index, focused particularly owil prices. The study investigated the food prices of seven major
agricultural products and microeconomic variablescreen test and the proportioof variance
method were used to determine the optimal number of common factors. The study cdheludes
the food production index has the most influence on the macroeconomic index and that the oil
price index has an influence on the food production index. So, crude oil prices have an indirect

effect on food prices.
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Natanelov et al(2011) more specifically studied price correlations between crude oil
futures and a series of agricultural commodities and gold futures. Theagipidiyda comparative
framework various ceintegrations and causality tests to identify changes in relatioriséiyween
these price levelhrough time. The study discovered that mature andestiiblished commodity
futures markets display anovement with crude opricesin the long run.

All studies indicate significant correlations between agricultural commoditiesrade
oil prices, especially for corn which iee primarysource of ethanol production. As mentioned
before, corn is an alternative crap many production systems as a substiforewheat and

thereforeoil price indirectly affects wheat price.

2.3 Past yeals price

To find a pattern and predict the future, we commonly use past years’ price indformati
and trendsn analysis of markeprices Like other industries, agricultural suppliers respond to
price by increasing or decreasing production. But, dtieetoature of agricultural processes, these
responses take a longer time to be revealed. Wheat, like other annualgpsimas this lag and
responds to the previous year’s price (Chand, 2007). Previous year supdi¢egged responses
are traditionally explainedwith the Cobweb theory. Cobweb theory is an economic model that
assumes crop production plans hesed on a time lag tveeen supply and demand decisigns
Pashigian, 2008).Cobweb theory applies to agricultural production markets becauseatiithle
lag between production decisions and the actual supply of godlks market. This lag can result
in large enough prickuctuatiorsthatthereis a potential issugn maintainingfood securitywithin
developingcountries. It can cauggarticularproblems for cereals that are the main portion of

population diet in these countries. As a resdime governmentsike India, try to prevent such
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fluctuation by putting minimum support prices for commoditielsis price floor is justified as
making production decisions basedb@previous yeds priceseasier for farmers (Tripathi, 2009)
All'in all, theprevious yeds price is always atrongbasis in producers’ decisionslated

to future production and is considered an important factor in wheatfpreseasting

2.4 Trade

Wheat consumption has grown as the population has increased and as a result of increases
in wheat production, its trade has grown over the feastdecadesWheat is purchased for two
main purposes, consumption arréating stock as a bufferThe consumption shaman be used
asboth human food or for an input to animal feeding. Wheat consumption hasasetby 1.6
percent annually, on average, during the past three decades (FAOSTAT, 2015). Asedenti
earlier, sockpiling is a way to createnantertemporalbuffer against shortage for large wheat
consumption periods or low production years.

Wheat trade faces many policies and regulations that clesegéme. Subsices, tariffs,
and quantity restrictions are some of restrictive policies that préwentarket fromfunctioning
in a free tradeananner For examplethe United States and European Unidwo of thelargest
exporters in the world, set subigslfor wheat expod so that their producers can sell wheat at
lower prices and stay competitive in the international market. Likewise, many countyies tr
protectfarmers and domestic procikrs fromlow international prices by limiting market access.

To eliminate market distortions, maimadeagreements force countries to reduce tariffs
and open the market to international free trade. But such agreements faly rmatccessfubr
effective because countries try tanit imports by norariffs barriersinstead,including the

impositionof importlicenses and quality restrictions (Hertel et al, 20Aeden 1996).
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Import tariff policies vary in different countries. In some major impgrtountries, like
Egypt, there are higliariffs on wheat products and thiss resulted itncreass of wheat grain
imports These countries typically have a higher tariff on processed wheat prakeqgiadta or
bakery produa But in some countries the opposite is true and value added prtthatatentain
wheat have a lower tariff thahose placed owheat grain. For example Kenya import tariffs
for wheat flourareless tharthose imposed owheat grainAckello-Ogutu, 1997 Aksoy, 2005).

The otlerissuein the wheat world markes the effects ofood aid or assistancprograms.
Most of these programs are donations from majmid wheat exporters to developing countries,
and areaimed to fight famingbut can indirectly affect the world wheatprice if they modify

demand (Figure 2.2)
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Figure 2.2Wheat aid vs. wheat price. Data from World Food Program and OECD
Wheat aid is total of wheat and wheat flour that provided and wheat pies deflated in terms of
2013 dollars between 1989 and 2012

It should be noted thawheat trade does not have a simple geographic pattern since many

countries are both exporsand importes of wheat. The trade pattealso changeovertime, as
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the quantity of wheat production, imp®dnd exposd in different countes changend world
prices drive secondary shocks in the market.

Stock-to-use ratio is the other indicator tradfectsthe world graimmarket;it is especially
likely to drive alarge price spikelt simply measurs theinterrelatiorship between supplsnd
demandby dividing the ending stock to the total UB®benriethet al.,2012. Low stockto-use
ratio (SUR) leads to a higher market price, because low stocks reflect a sGasitgdicator has
certain correlations between stock to ratio and crops’ pricgst’'s wek inexplaininglong term

correlations Daugherty, 2014)

2.5Supply in Major Wheat-Exporting Countries

Based on USDA statistics, the five largest wheat exppregionsdetween 1980 and 2013
are the United States, the European Union (an allianZe obuntries), Canada, Australia, and the
Former Soviet Union (FSU), with 30.9, 30.2, 17.9, 13.5, and 9.8 million metric tons (MMT) of
average annual wheat expontsspectivly (FAO, 2014). During this 34ear timeframeoverall
trade flows increasedespite rises and falls in quantity of wheat exported due to weather, policies,
wheat world price, and other factors. The followmagrative presents closer lookat each key

wheatexporting country.

2.5.1United States
Wheat poduction and yield levels in the United States remained relatively statitg du
the 34 years from 1980 to 2013. It seems that the wuahnkektprice influenced the amount of

wheat acreage and overaitoduction in the U.S. Wheat yields have increased, but, due to
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decreases in the harvested area, the total production has declaredu®rage d.48% annually
(FAO, 2014).

The United States was the largest exporter for almost all of the 34 yead, veith a
marginal advance from the second largest exporter, the European Union ZBA5). In some
years, like 1994 and 2008, the U.S. produced 10 percent of all wheat production in the world
(USDA, 2015). In 2001, for instance, about 48.6 million acres were planted with whsatirs.
(USDA, 2015) and about 50% of the wheat produced was exported at a value of $9 billion (VOA,
2013). In the U.S., winter wheat is planted from the first of September thraazighdhof October.

In the southern states, harvest begins by the end of May and proceeds moving northhecross t
central U.S. wheat belt, by late August. The major growing areas for havdmed wheat are
located in the midvest, centering on Kansas. Kansas and North Dakota are the largest wheat
produgng states in the U.Sfor example,10.4 million metric tons of wheat was harvested in

Kansas in 2012 alone. (USDA, 2014).
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Winter Wheat 2009
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Figure 2.3United States wheat production map

2.5.2The European Union

The European Unionwhich includes 27 countries (EU2Wasthe secon¢highest wheat
produang regionbetween 1980 and 2013. The average total wpleatedandareain this region
has increased bgn average db00,000hectaresvery yeawover that periodin 2013,26 million
hectaresvere planted and 139 million tons were harvestés{A, 204). France, Germany, and
Romania are the top three wheat exporters of the European Union with 66, 15 and 5.2 percent of
the total wheat exportsespectively. France haise highest yield, with an average of 7.5 kg per
ha (World Bank, 2014). The administrative region, Centre, leads the producivbeatfin France

(USDA, 2014).
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France: Wheat

Percent of total area by region
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Figure 2.4 France wheat production map

Just as with the United States and otNerthern Hemisphere regions, imter wheat is
planted from the beginning of October through the end of NoveimBemrope The harvest season

begins around the first of July and is usuéityshedby the end of Augst.

2.5.3 Canada
Canadawas thethird-largest wheat expanyg regionduring the timeframe from 1980 to

2013. Canada produces approximatelyrzion tons of wheat annuallywith the majority of the
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production taking placein the three provinces oSaskatchewgnManitoba, and Alberta.
Saskatchewan alongccounts forabout 60% ofCanada's wheat production, anbst of its
productionis exported to overseas markets (Wheat Initia@044). The planting period is longer
in Canada due tds high latititde and coldr weather.Winter wheat planting in Canada begins
around thdirst of Septembethrough the end of October andrirestbeginsaround the first of

July and runghrough early September (USDA, 2014).
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2.5.4Australia

Australia is the nextargest wheat exporter. Total harvestdteatproducingacreagen 2013 was
13.5 million hectares, yielding 27 million metric tonsvdfeat In the same year, 18.6 MMT of
wheat was exported to the world marketm Australia The main producing states Western
Australig and subsequently, the majority of Australian wheat is sold ovefisgashis statés
supplies (AGDA, 2015).

Since Australia is located in ti@outlernhemisphere, it has a different planting calendar.

Tannes per sg km
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Figure 2.6 Australia wheat production map
In Australia, most wheat is planted during April, May and Jasethe seed requires the colder
weather to germinate. This allows harvesting before the onset of harsh sunatherwenditions.

The harvesbegins in Queensland during September and October and ends in Western Australia

during January (Year Book Australia, 2006
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2.5.5 The Former Soviet Union

TheFormer Soviet UniofFSU) countries arthe fifth-largest wheat expong regionduring this
34-year timeframe; their exports have increasedsistentlyfrom 1991, on average, by 1.58
million tons annually. More than 90 percent of wheat production in the FSU occurs in Russia,
Ukraine,Kazakhstan and Uzbekistad$DA, 2014. Also, these four countries account for 99%

of FSU wheat exports (Foreigxgricultural Service USDA2014). In 2013, 47.7 million hectares
were planted in wheat, with 103.9 million metric tons of yield in the FSthdrsame year, total

exports were 37.1 million metric tons (USDA, 2014). The cultivation calendar in thesi8nilar

Russia: Final Sown Area of 200910 Winter Wheat (1,000 hectares)
Source: Rosstat

Southern
Chistrissss
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Figure 2.7 Former Soviet Unionwheat production map

to European countries: winter wheat is planted staftingugust and running through early

October Harvest will begin in July and continue through the end of August.
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2.6 Demand in Major WheatImporting Countries

Demand for wheat has changa¢krthe lastseveraldecades, but most of the regions that
struggle with drought and low precipitation, including North Africa and the Middle Basth
Asia, East and South East Asia, South America, andSahlara Africa, usually have a high and
stable demand for wheat. Based BAO) and USDA repost (2014, these five regions are defined
as the major wheat importers. They annually import nea®y 80the total wheat imported in the
world (USDA, 2014)Specifically Egypt was one of the teffve importing countries for the 30
years from 1982 to 2011, with an average of 6 million tons of wheat ispertyear (FAO
Statistics, 2014). Other countries, such as those in Eastern Europe, had a highavemrafelv
years between 1980 and 2013 because of war and political or financial problemerélgss

consistently among the top importeFMQ statistics, 2014

Most wheat importer countries
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Figure 2.8Principal importing countries of wheat, flour and wheat products Data from U.S.
Department of Agriculture; USDA Foreign Agricultural Service (June 2015).
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3. Data and Methods

The period chosen for this study extends fromaiipeculturalproductionyeas of1980 to
2013.Precipitation datas based orNational Oceanic and Atmospheric Administrati@cords
(NOAA, 2015), andvas retrieved for different stations located in the highgductive regions of
each country.The state/regionsof Kansas, France, South Saskatchewan, and Southwest of
Western Australia represettie United States, The European Union, Canada and Australia
respectively. Krasnodar and Stavropol repretienESJ. The region selected to represent each
country has had thieighest yield in that country on average during the 34 year timeframe from
1980 to 2013.

For more accurate results, Geographic Information System (GIS) seftves used to
select specific data related to each region. Weather stations that have besioaalivr most of
this 34 year timdrame (for at least 25 years) are consider&tie map ofweatherstatiors for
each region are presentedappendixfigure A.1.

FortheUnited States, The European Union, Canada and FSU, the average of May and June
monthly precipitations is considered for each y&aring these monthshewheat plant is in the
heading and grain development stage and has the highest watg{Ruegsis 1997) For the same
reason, the average of November and December monthly paéoiplevels are considered for
each yeain Australia since it is located in tHgouthern hemisphere and hasauntercyclical
agriculturalseason relative to the other regions.

The precipitation data ieeportedin millimeters and the averageis calculated for the

agriculturalproductionyear. (Table3.1)
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Table 3.1Summary of precipitation statistics based on NOAA data

Kansas Western Krasnodar &
State France Saskatchewan  Australia Stavropol
Mean 939.34 651.11 640.86 166.50 721.39
Median 916.37 651.27 624.82 144.84 705.27
Maximum 1656.04 1129.09 1022.89 449.12 1082.027
Minimum 419.27 369.25 351.05 52.00 311.67
Std. Dev. 269.44 205.00 163.82 88.96 195.76

Among the five regionghe state oKansasn the United Stateshas the lghestaverage
precipitation levelsand thestate of Western Australia hétse lowestaverage precipitation during
the 34 year timdérame Annual gecipitationin thestate ofWestern Australiaon average, i$66
millimeters compared tmther regionghat have aerage annual precipitation of more than 640
millimeters.

To facilitatetheinterpretation oprecipitationdata,precipitation of each year is compared
to the average precipitation of that region. The long-term average precipitatenefgiregion is
cdculated over the 34 year tinimme from 1980 to 2013, and subtracted from the
precipitationdata of thategion Therefore thelatahas been convertad plus/minusthe average

index (Table 3.2 and Figure 3.1
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Table 3.2 Summary of precipitation statistics in plus/minus average format
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Figure 3.1 Annual precipitation datafor each of the regionsduring the 34 year timeframe,
in plus/minus average format

Annual observations for prices, yisJ&nd import data aiategrated intahe modelYield

data is in metric tons per hectare avas retrieved from OECHB-AO 2015 Agricultural Outlook

and USDA Statistical Bulletin (Shend, 1993). After 1992, the sum of Russia, Ukraine, Kamakhs
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andUzbekistan production and exports is usetepresenthe Former Soviet Union (FSUJhe
yield was on averagethe highest in the Europe Uniocabout two timesnorethan theyield in
other regionsvhile Australia had the lowest yield duritige 34 year timdrame. (Table 3.Znd
Figure 3.2)

Table 3.3 Summary of yield data statistics (tons per hectare)
Source: OECD-FAO data

Yield

U.S. Canada | Europe Union | Australia FSU
Mean 2.66 2.27 4.77 1.61 1.73
Median 2.65 2.25 4.82 1.63 1.65
Maximum 3.17 3.18 5.68 2.15 2.39
Minimum 2.20 1.23 3.63 0.76 1.27
Std. Dev. 0.28 0.43 0.51 0.38 0.30
Observations 34 34 34 34 34
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Figure 3.2 Averageannual yield data of the regions during the34 year timeframe
Source:OECD & FAO data

Import data iresentedn million metric tons and is collected froRAO statistics for the
34yeartime-frame This scalepresented in0° Ton, has also been used in the regression analysis.
During this time-frame, themaximum annuaimport level is 162 million tons in 2013and the
minimum is 88.06 million tons in 1986. The average world imigoel during the timeframe is

113 million tons and th#zends exhibited in annual world impadtatais shown in Figure 3.3.
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Figure 3.3 Annual world wheat imports

Source:FAO

Summaryof the datdor wheat world pricess presented in &ble 34. The lowestdeflated

pricefor wheatwas$151.70@tonin 1998, for which the nominal price is $107.96/tohe highest

deflated priceof wheat was $409.41/tan 1980,with a nominalprice of $148/ton. Figure 3.4

shows the trentbr annual wheat priceduringthe 34 year timdérame.

Table 3.4 Summary of data statistics for annual wheat price in U.S. dollars per toand
deflated to 2013 dollars

Source:FAO s

Mean

Median

Maximum

Minimum

Std. Dev.

Observations

Price($)

252.62

236.67

409

41

151.70

67.39

34
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Figure 3.4 Annualworld wheat price, deflated to 2013 dollars,

Source:FAO

Annual al price iscalculated as the average of taeibprices West Texasntermediateil

and the Persian Gulf countriesude oil. Oil prices areeported inJS Dollars per barrel and data

is collectedfrom the U.S. Energy Information Administratiofll prices wereadjustedto 2013

dollars (Table 3.5).

Table 3.5Average annualoil price statisticsin U.S. dollars per barel, deflated to 2013 dollars

Mean

Median

Maximum

Minimum

Std. Dev.

Observations

Oil Price

$49.21

$ 34.60

$ 104.64

$ 14.33

$ 27.60

34

The lowest oil priceover this periodvas$14.33/barrel forl998 which isalso the year

with the lowest wheat pric& he peksin oil prices are relativelyrecent;those occurred i2008,

2011 and 2012 when thaél price was above $10®arrel whendeflated to 2013 dollars (Figure

3.5).
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Figure 3.5 Average aanual Oil price in U.S. dollars per barrel, deflated to 2013 dollars
Source:EIA

The Ordinary Least Square (OLS) methquhckaged irEviewsis used to investigate
correlations between world wheat prices and the quantity of world wheat imperts;erage oil
price, precipitationindexand yield in the five major wheat producing countries, and the wheat
price of the previous yeafFor this model, thénverse form was selected to consigeice asthe
dependent variablexplained byther supply factord he kasic assumption is#hdemand is more
steadythan supply.

The estimation is based on the following Equation 3.1:

Pe = Bo + B1lt + B2P—1 + BaRi-us + BsRt-gu + BsRe-ca + BsRt-au + B7Rt-psy +

BsYi—us t+ BoYi—gu + B1oYi—ca + B11Ye-au + B12Yi—rsu + B140¢ + & (Equation 3.1)

whereP; is the world wheat pricd, is the total world wheat import8;_; is the previous year’'s

world wheat priceR;_ys is the precipitationndex in the U.S.R;_gy IS the precipitationndexin
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the European UniorR;_., is the precipitationndex inCanadaR;_,y is the precipitationndex
in Australia,R;_rgy is the precipitatiomndex inthe Former Soviet UniorY,_ is theyield in the
U.S.,Y;_gy is theyield in the European UniorY;_., is theyield in Canaday;_, is theyield in
Australia,Y;_gsy is theyield in the Former Soviet Union, arf is the average oil price.

All prices are deflated based on 213 consumer price index (CPI) reportedhmsy U.S.
Bureau of Labor Statistiqg2015) To deflate prices, waandardized by CPI using the following

equation:

_ CPIzo13
C; = Pl x 100 (3.2)

WhereC; is the CPindexfor eachparticular year based on 2013 doatP]I; is the CPI index for
that year and is raw dafiem Bureau of Labor Statistic6PI,; is the price index for 2013 based
on BLSstatisticsand is equatio 229.324.

For example tiis expeced that th@il price hasa simple direct effeain wheaprice; where
an increase the oil priceresults ina subsequemmcreasan wheatprices. Thehypothesis anthe
null hypothesisare

Ho: B14 =0

Hi:B14#0
wherep is thelinear correlation coefficierfor oil price duringthe studytime-frame The same
applies to the investigation of the effect of other factors on wheat price.

A Chow test waperformed to investigate structural stability of data. This method uses an
F-test to find if there has beamy structural change dataduring the timeframeof analysis In
other words,it investigates if splitting the data into two ssémples and using two separate
regressions is more effective than a single regressaading all the dataacross the full time
period.Break points in datacross timean result from economic shocksatranges in policies.
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Since in this studyseveral countries are considered osgereraldecades, it is particularly
important to perform this tesd assure there was not a regime shift in different time periods for
any of the included trading countrié®r examplein 1992the FSU collapse@dndsudden political

and economic changes followed that made this year a potential pomstarcturabdata break

The test statistiased for this test can be represented as

_ [SSEp — (SSE; + SSE,)]/k
~ (SSE; + SSE,)/(N; + N, — 2k)

whereSSEy is the sum of the squared error terms for the pooled mentld$SE, andSSE, are the
sum of the squared error terms for first and second groups, respedihelyariablek represents
the number of estimated parameters BHiglare thenumber of each grougComparison othe
resultsof the F test with the F test critical valsishows tlat astructuralbreaklikely occurred in
that particular yeaA higher F value at the chosen level of significasitewsa break point irthe
specificyear and instability ofthe parameters. Otherwjstne null hypothesis igejected error
termsarenormally distributed and data consistency is verified.

Autocorrelation in time series data is another factor that may cause unintebiasnar
misinterpetation of results. In this study, the DurWatson test was performed to detect
autocorrelation. This test detects if the data is-aoteelated by checking if the residuals of the

regression analysis are correlated. The test statistic is:

_ Yico(e —ej_1)?
= 2
i=1 €]

d

wheree; = y; — §; andy; andy; the observed and predicted values of the response variable for
individual i, respectivelyThe rull hypothesis iDurbanWatson tesassume noautocorrelation

exissbetweertheindependentariables, so if the testsultshows higher or lower thahe critical
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d value at the chosen level of significant® null hypothesids rejected andutocorrelations
verified. Autocorrelation indicatesontandomness in data series, so if it is present, data can be
transfamed to address the issue

Regression analysis was performed on the entire thataspans from 1980 to 2013,
initially. The results showed significargsidualerrors for the first threeyears, from 1980 to 1982,
the yeawhen the residua from the regrssion was largest. Therefore, a second regression was
performed on the data from just the period of 1983 to 2013, and structural stability and

autocorrelation of this data wettgen testedo see if improved results could be obtained.
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4. Results

This section summarizes the results of the data analyses, including tesi@ganalysis
and statistical tests. Ordinary Least SQU&ES) regression analysis, tether with diagnostic
Chow and DurbinVatson autocorrelation tests were carried out to explore the relationships
between world wheat prices, world wheat imports, average annual oil prices, ¢hgtadren
index and yields in the five major wheat produaiegions as well as the world wheat pricerin
the previousyear. Discussion of the findings can be used to draw inferences and form some
implicationsfor the markefrom this work.

As expectedsince theprecipitationindexis driven by eachegioris historical precipitation
pattern and these vaoyerthe 34year periodwe will likely see varyingrice dynamics as well
As a reminder from data explored in the previous section, all wheat exportingsdwivean
average annual precipitation afore than600 millimeters, except for Australia, with66.5
millimeters, which was found to be statisticaflignificantly different from the other regions.

Figure 3.lillustratesthe precipitatiorirends.

4.1. Outlookon Major Wheat -Exporting Countries

Presentation ofhe information for each counfrggion in chartsbetterdemonstratesvheat
production trendover timein five major exportegionsThe followingsectionshowsmore details

oneach key wheagxporting countryo complement the discussion of findings on price behavior
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4.1.1 United States(Kansas)

Export (tons) Index of Precipitation from average
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Figure 4.1 United States Precipitation, Yield, export, and weather stations map dlook
during 1980 to 2013Precipitation is shown in +£ from average index(see page8)
Source: OECD-FAO, NOAA, and FAOSTAT.

United States wheat expsrtlecreaseé over the 34 year timeframe, yield incredse
gradually from two tons per hectarermre tharthreetons per hectareand precipitation varies

from the averagén no discernable pattern without any long wetdoy periog. The weather

stations from whiclprecipitation data is collected are shown on the (Ragure 4.1).
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4.1.2European Union (France)
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Figure 4.2 European Union Precipitation, Yield, export, and weather stations map outlook
during 1980 to 2013 Precipitation is shown in+/- from average index (see page 28)
Source: OECD-FAO, NOAA, and FAOSTAT.

TheEuropean Unios wheat expodincreased over time, as did wheaglgs. This region
has the highest yielth the worldwith current yield totaling more than five tons per hectare.
Comparedo other regions, precipitation patteiin the E.U. exhibit periodic dry andevyeas

duringthe timeframeof thisstudy.Theweather stations from whigrecipitation data is collected

are shown on the map (Figure 4.2).
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4.1.3 Canada (Saskatchewan)

Export (tons) Index of Precipitation from average
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Figure 4.3 Canada Precipitation, Yield, export, and weather stations map outlook during
1980 to 2013Precipitation is shown in +£ from average index(see page8)
Source:OECD-FAO, NOAA, and FAOSTAT.

The changes inxportsfrom Canada varieduring the time frameonsideredUnlike the
patterns inexports precipitationlevels were lessariable Like the U.S., yelds haveincreasd

slowly over timan Canadafrom one torper hectare tthreetons per hectar@he weather stations

from whichprecipitation data is collected are shown on the (Ragure 4.3).
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4.1.4 Former Soviet Union (Southern)

Export (tons) Index of Precipitation from average
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Figure 4.4 Former Soviet Union Precipitation, Yield, export, and weather stations map
outlook during 1980 to 2013Precipitation is shown in +£ from average index(see page8)
Source:OECD-FAO, NOAA, and FAOSTAT.

Almost no expor werereportedor the regiorbefore the dissolutioaf the Soviet Union.
After 1992, theregionis expors grew to nealy 40 million tons, most ofvhich happened aftethe
year 2000Also, averageyields increasedver time from less than 1.5 to 2 tons per hectiEne.
highestlevels ofwheat productiom FSU aran SoutherrRussia Precipitationhasbeenrelatively

constant over the time period considerEde weather stations from whighecipitation data is

collected are shown on the mg@pgure 4.4).
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4.1.5 Australia (Western Australia)

Export (tons) Index of Precipitation from average
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Figure 4.5 Australia Precipitation, Yield, export, and weather stations map outlook dring
1980 to 2013Precipitation is shown in+/- from average index(see page8)
Source:OECD-FAO, NOAA, and FAOSTAT.

Australia’s expod and yieldhave bothincreased gradually over tim@Vith an average
annualprecipitation 0fL66.5 mm Australiahas the lowest precipitatidavelscompare to other
regions.Precipitationlevelsin recent yearsndicatea long period of droughih the Western

Australiaregion The weather stations from whiphecipitation data is collected are shown on the

map(Figure 4.5).
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4.2.Analysis

The OLS analysis othe data was conducted usiBgiews software, the specification is
shared below and the results are summarized in Table 4.1.

Pe = Bo + Bile + B2P—1 + BaRe-us + BsRt—gu + BsRe-ca + BsRi-au + B7Re—ru +
BsYi-us + BoYi—£u + P1oYt-ca + B11Yi-au + B12Yi-ru + 140 + &
whereP; is the world wheat pricd, is the total world wheat import8;_; is the previous year’s
world wheat priceR;_ys is the precipitation index in the U.R,_g; is the precipitationndexin
the European UniorR;_., is the precipitationndex inCanadaR;_,y is the precipitationndex
in Australia,R;_rgy IS the precipitatiomndex inthe Former Soviet UniorY;_ is the yield in the
U.S.,Y;_gy is theyield in the European UniorY;_.,4 is theyield in Canaday;_,y is theyield in
Australia,Y;_ggy is theyield in the Former Soviet Union, ardy is the average oil price.

P, = 104.63 4 0.00 I, + 0.515P,_; + 0.070R,_ys + 0.032R;_gy + 0.063R;_ca +

0.013R,_ay — 0.049R,_psy — 60.04Y,_ys + 59.68Y;_gy — 129.66Y,_ca + 31.21Y,_ oy —

59.45Y,_gry + 0.9250,
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Table 4.1Regression results1980 to 2013

Variable Symbol CoefficientStandard Errott-Statistic P-value
Imports I 2.1873 1.0314 2.1206  0.0466
Oil Price 0, 0.9250 0.7030 1.3158  0.2031
g Australia Re-av 0.0131 0.0963 0.1366  0.8927
'g Canada Ri-ca 0.0835 0.0632 1.3208  0.2015
€| Europe Union Ri-sv  0.0322 0.0486 0.6630  0.5149
S |Former Soviet Union  Re-rsu  -0.0492  0.0467  -1.0552  0.3039
o United States R:-ys  0.0703 0.0333 2.1094  0.047F
Australia Ye_ay  -3.5343 31.2137  -0.1132 0.9110
= Canada Yieca  -129.6632 425186  -3.0496 0.0063
.g Europe Union YVi-ev  59.6849 31.6355 1.8866 0.0738
Former Soviet Union Yi—gsy -59.4554 34.9626 -1.7005 0.1045
United States Yioys -60.0434  73.2320  -0.8199  0.4219
Previous Year Price Fr_4 0.5147 0.1856 2.7730 0.0117#
Constant c 104.6386  136.4058  0.7671  0.4520

For the regression that covéng entire 34yeartimeframe theR squaredialueis 0.8072,

(Table 4.2).

indicating that thevariables explain about 81 percent of variation in world wheat price.

standarderror is 38.013&ndthe F-statistic is 6.4413indicating significancat one percent level

Table 4.2 Regression statistics for data from 1980 to 2013
R-Squared 0.8072F-Statistic 6.4413
Adjusted R-Squared 0.6819Probability (F-Statistic) 0.0001

Standard Error of Regress

38.013

Sum of the Squared Residual 28900.2

The sgnificant variables for the model are indicated by asterisks (*abiel4.1. Variables

The analysis indicates a linear correlation betweleeat importsand pricesat a5% level

significantat thel% level.
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unit increase irthe world wheat price (measured hS. dllars) if other variables ar@ssumd
constantln all major exporting regions, except for the United States, precipitation doesveot ha
a significant relationship with the wheat price in the same year the precipiéatdbwas recorded.
In the United Stateghe effects of precipitatioon the world price are statistically significairt
this caseaone unitincrease irmprecipitation(mm) in the United Statess associated witla 0.07
dollar increase irthe wheat price athefive percent level of significanc&his change in wheat
price caused by a one unit change in precipitatioAustralia, Canada, E.U., and FSU, are 0.013,
0.084, 0.032, and).049 dollarsrespectivelyif all other variables arassumedonstant. Bt these
valuesare notstatisticallysignificantin the modehksindicated bythe respectivé®-valueof each
estimate

Yields reported from the exporting regions do not have a significant relationship wit
wheat prican the model except fothewheat yield in Canada whick statistically significantin
Canada, thestimated coefficient for precipitation is not significant, whereas yield is estirtated
have a statistically significant effect arheat pricesin order to be more comprehensivetuire
work should include additional factors suctbasader climate change variablesludingaverage
temperatureseasonal thaw and freeze dates

In Canada, arme unit (tors per hectareincreasean yield is associated witla 129.66 unit
(U.S. dollars per tonjecreasén world wheat pricewhich is a statistically significant estimate at
the one percent level, showing a strong relationship between Canadian wheat yieldépdaeor
levels over the timeframén contrast, thehange in wheat price for Australia, E.U., and FSU, and
U.S., are-3.53, 59.68;59.46, and60.04 allars per tonrespectively, if all other variables are

assumed constant, but these valresnotstatistically significant.
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The Rsquared value of 0.8072 suggests that the regression model eaplaiasimately
80% ofthe world wheat price leveHowever, the sum of the squdnesidualis equal t02890Q
which is relatively high as this residuaticatesthe difference between the predicted vadiend
the actual observed vakle This indicated that more diagnostic testing on the model may be
nealed.

The Chow test was conducted for this model and results sbatructural brealat the
specified breakpoirdf 1992.The Chow tests null hypothesis assum#seexistence of lakpoint
in a specific yearand divides the analigsinto two linear regrssions, testing fahe equality
between coefficientand error terms thetwo linear regression3 he F-statisticof the Chow test
is equal 2.424 with probabiligqual t00.1413 Appendix 5.1) This means that thaull hypothesis
was rejected withafive percent significance level, so the error terms are normally distlibAlso
the Durbin-Watson dest showshe value oflL.575betweend; andd,, values (Appendix 2.2) So
with one andive percent significance lev&here isnoconclusive evidete regarding the presence
or absence of positive first order autocorrelation.

To improve the regressiaasults the residual for each year was obtained from the Eviews
software andelationships among errors were furthrarestigated. The residuals fowetfirstthree
years of the timdrame were found to be significantly largéran the reminder of the timeframe
and therefore a second regression was conducted on the data from juseftaaneincluding
1983 to 2013. Appendix kgure A3.2) Hstorically, there were oil price shagknd a surge in
wheat exportshatgave rise taunusualwheat pricespikes intheearly 1980’s. But the wheat price
dropped later as production in developing countries increased and the growti veteat

consumpion decreased@Mitchell, 2005, so censoring these atypical years may improve the
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model’s fit Accordingly, table 4.3 shows the regression results for the same modebeldscri
above, usinghe subset of the data representi®§3 to 2013.

Table 4.3 —Regresion results for data from 1983 to 2013

Variable Symbol CoefficientStandard Errot-Statistic P-value
Imports I, 2.0615 0.6389 3.2268 0.0050:*
Oil Price 0, 1.6620 0.4484 3.7068  0.0018*
g Australia Re—au -0.0910 0.0619 -1.4686 0.1602
< Canada Ri-ca 0.0491 0.0396 1.2384  0.2324
§ | Europe Union R:-sv  0.0448 0.0322 1.3948  0.1810
'§ Former Soviet Union f:-rsu  -0.0279 0.0287 -0.9705 0.3454
& | United States Reys  0.1032 0.0214 4.8311  0.0002+*
Australia Yiay  -10.7002 20.9678 -0.5103 0.6164
= Canada YVi—ca -92.0341 26.7847 -3.4361 0.0032
g Europe Union Yi gy 323921  21.5762 1.5013  0.1516
Former Soviet Union  Y:-rsy -105.3465  22.8909 -4.6021  0.0003*
United States Yi—uys  -98.2063 46.2547 -2.1232  0.048F
Previous Year Price | 0.4269 0.1272 3.3549  0.0038*
Constant C 350.8072 95.2140 3.6844  0.0018*

For the regression including the mamecent 31 years, the fit of the model improved with a
regression R squared of 0.9239, standard error of 23.213, and F-statistic of 15.87 (Table 4.4).

Table 4.4 —Regressionstatistics for data from 1983 to 2013

R-Squared 0.9239F-Statistic 15.8732
Adjusted R-Squared 0.8657Probability (F-Statistic) 0.000001
Standard Error of Regress  23.213Sum of the Squared Resiclual 9160.5"

Similar to the previous tabkeresults independentariables with 5 percent significance
level are indicated by onasterisk(*) and variables witlone percent significance level are
indicated by twaasteriskq**).

Similar to thefirst regression, wheat imports indicatstrong lineacorrelation with wheat

prices, but thdevel of significance has increastmthe onepercentlevel. Oil price exhibits a
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highly signficart correlation with wheat pricg as epected and is consistent with previous
regression result¥he estimated coefficient forlqricesindicateshatan increasen the price of

oil by a U.S. dollafis expected to causela66 dollar increase theworld wheat price if other
factors in the regressionare heldconstant.The United States precipitation level is more
significanty correlatedn the second estimation, and hdargerestimatedoefficientthan in the
first regression results. Yield in Canadatill correlated with wheat prices ahmghly significant
level, but with alower absolutecoefficient £92.03in the 3tyeardataregression compateto -
129.66in the 34yeardataregression)While this is still an extremely high estimate, the smaller
magniude of the estimated coefficient is more reasonable compared to the estunatei$ing
the entire dataset in the first regression. This indicates that a one millimeter enicreas
precipitationfrom the average precipitation leviel Canadas associatedvith a 92.03 dollar
decrease in the world wheat price.

Also, the estimated effects ofieldsin FSU and U.Son the global wheat prica&re now
statisticallysignificantin the revised specificatioffhe gevious year'grice is significant at the
onepercent levelagain exhibitingsimilar resultsto the firstregression that employed tlenger,
34-yeardataset

In the second regressiom, higher R squared (0.92 compared to 0.81) indicatbstter
overallrepresentation of the mode explain wheaprices whichis also true of thadjusted R
squared(0.87 for the first regression compared to 0.68 ftre second regressionThis
improvementn fit is also indicated in the sum of the squared residual, which is 9160sedted
regressiorcomparedo 28900 in thdirst model This numbeiindicatesthe divergence between

the data and thestimatednodel, so a lower number showbetteffit to data for the model.
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The difference imesultsbetween the first anthe second modeahdicates that theremay
be unaccounted for effects on world wheat prices in the model specification tihsthienability
of the model to describe world wheat prices for the entire timeframe of thgsianBbtential
distortions and other factors that are not included in this specificatiomdyutffect the world
wheat pricearefurtherdiscussed in the next chapter.

Import quantities ar@ne ofthefactors that affectvorld wheat price. Summary statistics
alsoshow acorrelation betweewheatimport quantitiesandworld wheatprice levels. This was
expectedsinceimports have direct effectsn the world wheat market through shifting the demand
curve,and consequentlghifting the markegquilibriumto a different pricgoint.

Consistentvith studiesby Saghaian (2010Esmaeili (2011), Natanelov et al., (2011), and
Chen et al., (2010bil prices areestimated to affeatorld wheat prics. This isa reasonableesult
since wheat production reges fuel for farm machinery as well agputs that areelated to
petroleum products. The potentialnapetitive relationship of wheat with energy csdike maize
for productionacreage acrosa limited land base is another potential reason for this positive
correlation.

The effect ofprecipitationlevels o the worldwheat price is not meaningfud four of the
regions the excepbn isin the United Statewherethe estimated coefficient f@recipitationis
significant. Pevious studiescludingLuo et al. (2005), Valizadeh (2014), Izaurrald et al. (3003
and Zhang and Liu (2005nf significant effects of precipitation on wheat yields. The findings of
this thesis may be differemthen compared tthe aforementionestudies due to the scalescope
of research. Those studies investigate a specificmegia@ountry in more detail and this might
have resulted in more meaningégtimates for the effect pfecipitationon the globalheat price.

Another reason for this might bieeabsence cditemperature index in this study tmaayrepresent
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a missingvariable since temperature is knownh@vesubstantiakffectson wheat prices the
higher latitude regiamsuch aCanada and Europ&dne 1992).

The estimated coefficients foreyd in Canada, FSU arile United States arstatistically
significantin the second regression, and as expegieltl has a negative effect on world wheat
prices This means that as yield improves, wheat price decrddstesthat gowth in yield is not
constant in all the regionir examplejn Australia yield fluctuateduring the 34year period and
shows an overall wedhcreaseover the full periodFigure 3.2). In general, yiekkplains wheat
pricebetter than precipitation. This might be because yield incorporates the effatittypes of
weatherfluctuations including precipitation temperatureand number of sunny days on wheat
production.

Findingsregardingthe past year’s pricafluence on current year’s priegere consistent
with previous studies here is a significant correlation between past and dupreses, indicaing
wheat production decisisibased on last year’s price plays a significant rolieterminingworld
wheatprice. Chand (2007), Tripathi (2009), and Pashigian (2008) have also noted this lagnbetwee
the production decisions and issibsequengffects on price. Th€obweb theonalso infers that
in markets with such a lag, previous year’'s and next year's price ardatamrand periodic
fluctuations in price may occur.

The Chow test was conducted for the second madellike the first regressiorrgsults
indicateno lreaks at specified breakpoint dhe year 1992The F-staistic for the Chow test is
0.4497 witha probability of 0.8694Appendix 52). This meanshe null hypothesis, that break
point exissin 1992 was rejectea@t theone andive percent significance lev&lso the error terms
are normally distributed. Alsdhe DurbirnWatson dtest shows the value @f5422betweend,

andd,, values(Appendix 2.1)These values indicate that,tae five and oneercent significance
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levels, there is no conclusive evidence regarding the presence or absence of positoredirst
autocorrelation. So, compartmthe previous regression, the second model has stronger evidence
thatautocorrelations not present ithe data

Comparison othe Fstatisticresultsfor thetwo mode$ showshe group oindependent

variables jointly have significant effects dhe world wheat pricand both models fit well.
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5. Conclusion

The motivation to conduct this stywasto explorethe factors that impagtheat pricsin
the intermational market, focusing on what may have catalyzed the rapid growth in wioekt
prices through 2008,sawell asthe fluctuations that happenedsubsequenyears (kgure 2.1).
Undersanding these factors and how they impaetld wheat price can beuseful to economists,
market analystonsulting agenciesd government policymakers tltansider factors necessary
to forecastfuture marketmovementsor those whowant toconsider the welfare impacts if new
policiesgoverningirade omproductionare imposedToachieve this goalinearregression analysis
was conducted to examine the factors thatre assumed to bénfluential in wheat price
determination

A secondegressioranalysisvas employedo improve thdit of the representativenodel
thatdid not include the dataom the early 1980’given market distortions during this timeframe
The economic recession during those years in the United States and othertriesu
unemployment levels, energy price shocks and corresponding monetary gblicieghout the
global economy malpe possible caus®f changes in wheat prices that are not accounted for in
the model specificatioduring the early 1980’s (Rasche, 198litchell, 2005;Moy 1985).

Another marketistortionin theearly 1980’swasa U.S. export embargm trade withthe
SovietUnion known aghe grain trade embargdVith this policy, the United States banned the
export of grain and technology to the Soviet Union in response to the invasion of Afghanistan
(Hennemuth, 2012)Those restrictions were lifted few years later.aAesult, ptterns of trade

changedvhile the embargo was in plaa@ndthe Soviet Union was faced with imposhortages
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and had a@ find alternativewheat suppliers. Alsoadditional domestic market interventions
followed in the U.Sdue tocorrespondinglecreasg intheworld wheat pricg(Luttrell, 1980).

Findings in this study indicate that the important factors that have sagrtiffects on the
wheat world price includanport quantities, oil prices, precipitation levels in the United States,
the previous year's wheat price and the current year’s yield in Can@ta,aRd the U.S. The
linear regression analysis in this thesis explains the factors that affecdridenvheat pricevith
a relatively good fit

Findings demonstrate that import levels have a significant impact on the worldpsibeat
This becomes evident when we consider the market price as a result of the supply arti deman
balance. In this study, import quantity is assumed teepeesentative of the demand side. Many
othe factors can also influence glolslmand that are not considered in this study. Future research
may focus on the factors that influence immtainand and how these factors may affect the world
wheat price.

Results show there is a strong relationship between oil and wheat prices; which is
consistent with previous studies. A reasonable justification for this linkage mie lbact that
wheat production is directly and indirectly affected by oil and energy matketsigh both the
use of fuel and chemical fertilizers in wheat productaomd indirectly because of management
decisions related to biofuel crops that affect the lzabdedicated tagricultural productiomn
crops that are produced in the same regions because they do well in certai@sclim

In general, results show that precipitation does not have a significantoeff@bieat prices,
but this finding should be interpreted with tan. Given results shared from earlier research, the
insignificance on this variable may be due to missing data on other weathes thataffset the

precipitation effects. For instance, nmore Northern latudes less rain could mean more sunny
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daysor higher temperatures that generally help wheat growth and seed development. Benong t
five major wheat exporting countries considered, the U.S. is an exception, sicip&airen in

the state of Kansas is correlated with wheat price at a high significance leveindimg, find the

fact that the quantity of U.S. wheat exports is the highest during the time farmelered
suggests that U.S. is a key driver of the global market. But such high and isolatecbsigaifor

the U.S. precipitation leveequires further research to understand what other factors may be
involved in this correlation and to more carefully compare with other regions that dghiloit

such a relationship.

This study looks at theelationship between precipitation in exporting regions and wheat
prices, whereas precipitation can also affect price from the demand sidegbblaal equilibrium.

For example, precipitation in wheat importing countries could affect wheasgrcchanging the
balance between impsit production and consumptidavels in these countries. Because the
guantity of wheat imported has a significant effect on world wheat pricess #msther result that
justifies further exploration.

Contrary to the results on precipitation, the findings for yields show a streffget on
wheat prices. In general, there is a negative relationship between yddlteanorld wheat price.
There were exceptions in the results for Australia and for the European UnioAudt@lia, the
estimated coefficient for yieldinegative, as expected, but insignificant. On the other hand, the
estimated coefficient for E.l4. wheat yield is positive, but insignificant. Since yield has had a
constant gradual increase during the timeframe considered in all regioapt €orin Australia
where vyields fluctuated, especially after the year 2000 (Figusg this may explain the

insignificance of the estimate for theexft of yield in Australia omvorld wheat prices.
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Although the European Union is the second largest exporting régloen considering
export volumes) during the timeframe studied, the yields reported from Eptegeated byhe
North and Central regions of France) shows no significant effect on the world priveat This
insignificant result may be because the yield data reported arelyoone region oFrance, which
is a small subset of the total area in the E.U. involved in wheat production and expanist F
research is required to understand why E.U. yields and world wheat prices have raficasig
relaionship in the model estimated.

As explained in the previous chapter, the previous year’s price is expectedet@ ha
significant effect on the subsequent year's wheat price. Production ofilagial commodities
has a natural lag between supply and demand decisions. In fact, the previous year’'s pri
incorporates effects of other factors influencing the wheat market doerevious year, and is
broadly representative of the market. Factors like substitute crop marketsacarflaénce wheat
producton decisions, and since those relationships are fairly consistent, the prewdosgsiee
may be a proxy fopersistence in such factors.

This study has many limitations; climate change is a very complex phenomehismah
represented completely withe simple economic model employed in this study. This deficiency
becomes more significant & study ovel long term period. Moreover, other factors affecting
wheat markets and changes in the global economy make economic modeling of \wdesat pr
challerging. This study simplifies the real world market and investigates the relaijooetween
the key factors that affect the wheat price at the global lesiagkey economic principlesand
climatic information. Beside the inherent limitations of the economic model, lack egsabiity
to historical data from different countries also limits the extent and accufattysostudy.

Variations in data collection are another drawback of this research. For exesmgtileer station
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locations have changed duritige time frame, which limited access to weather data for the
timeframe studied.

Understanding how environmental and economic factors affect wheat prices pan hel
international organizations and governments better understand market dynaraitsrd of geat
concern about food security, such analysis allows leaders to plan morevelfesmid prepare to
face potential future shortages or fluctuations that neaultfrom weather changes or market
shocks. Besides, recognizing how all countries interatttarglobal wheat market may lead to a
better understanding of international trade in wheat that may be tied to poodarddi other factors
affecting trade.

Future studies of the wheat market atdglabalscale will require cooperation of globally
focusel researchers to compile more detailed informationcamdluct rigorous market analgse
of both supply and demand factors in the world wheat market. In this research, demasd facto
beyond import quantities were not investigated, but may be important to cormidetuire
research. Future studies that investigate the factors affecting bothimgpantd importing

countries with more detail would be a valuable contribution to the literature.
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7. Appendix

Legend
A Weather stations

Figure A.1.1. Kansas stateweather stations

Kansas statewith the highest wheatproduction for a state within this country, was selected as a
precipitation indicator for the United States. Geographic Information System (GIS) software was
used to select specific data related to Kansas. Weather stations that haverbaetive for all or most
of 34 year timeframe are considered Each triangle representsone weather statiorin the map.
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A Weather stations

Figure A.1.2. France weather stations

France was selected as precipitation indicator for the European Union. Geographic Information
System (GIS) software was used to selegeather data related toFrance. Weather stations that have
been active for all or most of 34 year timdrame are considered. Each triangle represents one weather
station in the map. Not many stationsvere active in France during timeframe.
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Legend

4 Weather stations

Figure A.1.3. Saskatchewan weather stations

Saskatclewanwas selected as precipitation indicator for Canada becausdt reported the highest
wheat productionfor that country. Geographic Information System (GIS) software was used to select
weather data related to Saskatchewan Weather stations that havebeen active for all or most of 34
year time-frame are considered Each triangle represents one weather statiom the map.
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Legend

A Weather stations

Figure A.1.4. Western Australia weather stations

Western Australia was selected as precipitation indicator for Australia. Geographic Information
System (GIS) software was used to selegeatherdata related toWestern Australia. Weather stations
that have been active for all or mosof 34 year time-frame are considered. Each triangle represents
one weather stationin the map. Australia has the lowest precipitation compare with other
regions/countries.
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|._ SR
Legend
A Weather stations

Figure A.1.5. Krasnodar & Stavropol weather stations
Krasnodar & Stavropol (Southern Russiawasthe regionselected as @recipitation indicator for the
Former Soviet Union (FSU). Geographic Information System (GIS) software was used to select

weather data related to Krasnodar & Stavropol. Weather stations that have been active for all or
most of 34 year timeframe are considered. Each triangle represents one weather stationthe map.
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2.

Table A.2.1 Eviews software results for 31 years observation

A second adinary least square test was conducted to find correlation betwedhe dependent variable
(wheat price) and independent variablesvithin the new time frame

Dependent Variable: WPRICE

Method: Least Squares
Included observations: 31

Variable Coefficien Std. Erro t-Statistic Prob.

IMPORT 2.06148: 0.63886:« 3.22679( 0.005¢(

OIL_PRICE 1.66202 0.44837t 3.70677! 0.001¢

AUSTRALIA -0.09097- 0.06194! -1.46862. 0.160:

CANADA 0.04909¢ 0.03964" 1.23838: 0.232¢

EU 0.04484( 0.03215:« 1.39476( 0.181¢(

FSU -0.02789° 0.02874t -0.97048 0.345¢

us 0.10320: 0.02136: 4.83114: 0.000z

YAUSTRALIA -10.7002: 20.9678: -0.51031¢ 0.616¢

YCANADA -92.0340¢ 26.7846° -3.43607: 0.003:

YEU 32.3921: 21.5762( 1.50129( 0.151¢

YFSU -105.346t 22.8909: -4.60210¢ 0.000:

YUS -98.2062( 46.2546° -2.12316: 0.048:

PT1 0.42688: 0.12724. 3.35489: 0.003¢

C 350.807( 95.2139( 3.68441( 0.001¢

R-squared 0.92388° Mean dependent var 246.209¢

Adjusted Rsquared 0.86568. S.D. dependent var 63.3387¢

S.E. of regression 23.2132¢ Akaike info criterion 9.4297T

Sum squared resid 9160.54! Schwarz criterion 10.0773¢

Log likelihood -132.161! HannanQuinn criter. 9.64088(

F-statistic 15.8731° DurbinWatson stat 2.54220:
Prob(Fstatistic) 0.00000:
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Table A.2.2. Eviews software results for 34ears observation

The Ordinary least square test was conducted ttest for potential correlation between dependent
variable (wheat price) and independent variablesluring the 1980 to 2013eriod
Dependent Variable: WPRICE

Method: Least Squares
Included observations: 34

Variable Coefficien Std. Erro t-Statistic Prob.

IMPORT 2.18731. 1.03144° 2.12062t 0.046¢

OIL_PRICE 0.92499: 0.70297! 1.31582( 0.2031

AUSTRALIA 0.01314¢ 0.09628: 0.13656. 0.8927

CANADA 0.08346 0.06319¢ 1.32075 0.201¢

EU 0.03224- 0.04863. 0.66299! 0.514¢

FSU -0.04924! 0.04667! -1.05517¢ 0.303¢

us 0.07033! 0.03334- 2.10935( 0.047;

YAUSTRALIA -3.53434( 31.2136° -0.11323: 0.911(

YCANADA -129.663: 42.5185 -3.04956( 0.006:

YEU 59.6849: 31.6354¢ 1.88664! 0.073¢

YRUSSIA -59.4554; 34.9625! -1.70054¢ 0.104¢

YUS -60.0434: 73.2320:« -0.81990t¢ 0.421¢

PT1 0.51474 0.18563: 2.77295. 0.0115

C 104.638t 136.405¢ 0.76711. 0.452(

R-squared 0.80720' Mean dependent var 252.619!

Adjusted Rsquared 0.68188¢ S.D. dependent var 67.3976¢

S.E. of regression 38.0132¢ Akaike info criterion 10.4066!

Sum squared resid 28900.1¢ Schwarz criterion 11.0351!

Log likelihood -162.913( HannanQuinn criter. 10.6209¢

F-statistic 6.44130¢ Durbin-Watsorstat 1.57460t¢
Prob(Fstatistic) 0.00012:
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Figure A.3.2.World wheat priceregressionresidual graph, all 34 years

The residuals for the1980, 1981, and 198geriodswere found to be significantly larger and therefore
a second regression was conducted on the dameluding the period of 1983 to 2013.
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WPRICE vs Variables (Partialled on Regressors)
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Y=Yield, P_T_1= Last year price,



5.

Table A.5.1 Chow test resultgor 34 year period (19832013)

Chow Breakpoint Test: 1992

Null Hypothesis: No breaks at specified breakpoints
Varying regressors: All equatiorariables

Equation Sample: 1980 2013

F-statistic 2.69927:  Prob. F(14,6) 0.083!
Log likelihood ratio 64.4514¢  Prob. Chi-Square(14)  0.000(
Wald Statistic 33.9404¢  Prob. Chi-Square(14) 0.0021

Table A.5.2 Chow test result$or 31 year period (19832013)

Chow Breakpoint Test: 1992

Null Hypothesis: No breaks at specified breakpoints
Varying regressors: All equation variables

Equation Sample: 1983 2013

F-statistic 0.44967¢ Prob. F(14,3) 0.869¢
Log likelihood ratio 35.0584. Prob. Chi-Square(14) 0.001¢
Wald Statistic 6.29548 Prob. Chi-Square(14) 0.958¢

73



	Copyright by Aliakbar Enghiad 2015
	All Rights Reserved

